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ABSTRACT.— Six species of bats are reported from the late Pleisto-
cene and Holocene Vero fossil vertebrate locality on the east coast of
peninsular Florida: Eptesicus fuscus, Lasiurus intermedius, L. cf.
seminolus, Nycticeius humeralis, Tadarida brasiliensis, and Fumops
glaucinus. This is the first known fossil occurrence of Lasiurus semino-
lus, and the first record of Nycticeius humeralis from the Pleistocene
of Florida. Previous reports of Myotis austroriparius from Vero are
shown to be in error, as they were based on a misidentified humerus.
The bats from Vero represent the most diverse fossil chiropteran fauna
yet known from Florida and one of the richest in the North American
Quaternary. This site is unique among Florida fossil vertebrate locali-
ties as it samples species of bats that roost primarily in trees, rather
than cave-dwelling forms. The six species present at Vero constitute
the entire native chiropteran fauna of present-day South Florida, indi-
cating that the bat fauna of this region has remained relatively stable
over the past 10,000 years.

INTRODUCTION

Recent curation of the abundant microvertebrate fossils collected
by Robert D. Weigel in 1956 and 1957, during his re-excavation of the
classic Vero Site on the Atlantic coast of Florida (Weigel 1962),
revealed the presence of a relatively large sample of bat remains. Based
on only four elements, Weigel (1962) recognized three genera of bats
from Vero— Mpyotis, Eptesicus, and Lasiurus. He did not assign any of
his material to species, and his identification of Myotis was incorrect.
Detailed study of the bat fossils from Vero, especially the postcranial
elements, and a re-examination of the small sample identified by Wei-
gel, allows for more precise identification of most of the material. In the
present study, six species of bats are recognized from the Vero deposits
based on 37 elements representing 16 individuals. Comparison with data
in Webb (1974:14, Table 2.1) indicates that the six species of bats at
Vero make it the most diverse fossil bat fauna yet known from Florida.

DESCRIPTION OF LOCALITY
The Vero fauna is one of the best known late Pleistocene (Rancho-
labrean) local faunas in Florida (see Weigel 1962 for a complete list of
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fossil vertebrates from Vero). Vero engendered considerable contrqversy
in the early part of this century, as it was the first fossil site in the New
World where human bones and artifacts were supposedly found in asso-
ciation with extinct Pleistocene vertebrates. The site was discovered in
November 1913 during excavation of an east-west drainage canal through
the town of Vero Beach by the Indian River Farms Company. Between
1913 and 1917, Isaac M. Weills and Frank Ayers collected the majority
of the vertebrate fossils and human remains that formed the basis for a
large number of publications on the site (see Ray 1957 and Weigel 1962
for a complete bibliography). The fossil site is located within the present
city limits of Vero Beach, Indian River County, Florida (center of
SE1/4, sec. 35, T32S, R39E, Vero Beach Quadrangle, USGS 7.5 min.
series; 27°39’N latitude, 80°24’W longitude), southeast of the Vero
Beach airport and immediately south of the Florida East Coast Rail-
road. The paleontological and historical significance of Vero, coupled
with the paucity of microvertebrate fossils in the early collections,
prompted Weigel to conduct extensive field work at the site during the
summers of 1956 and 1957.

The fossil-bearing deposits at Vero consist of three distinct units,
designated from bottom to top as Strata 1, 2, and 3 by Sellards (1917)
and all later workers except Weigel (1962). He called them Beds 1, 2,
and 3. According to Weigel, the three strata are easily recognized
throughout the site and fill a shallow sedimentary basin approximately
100 m in diameter. A typical stratigraphic section at Vero and a map of
his various excavations within the site can be found in Weigel (1962).
The total thickness of strata at Vero does not exceed 3 m, of which only
1.5 to 2 m constitute the bone-bearing Strata 2 and 3. Stratum 1 is a late
Pleistocene marine shell marl referred to the Anastasia Formation by
Sellards (1916) that has produced no terrestrial or freshwater vertebrate
fossils. Lying above the Anastasia Formation and separated from it by
an erosional unconformity is Statum 2, consisting of white beach sands
at the base, grading upward into coarse and fine brown stained sands
that become darker toward the top of the bed. The vertebrate fossils
from Stratum 2 are heavily permineralized and include 17 species of
extinct Pleistocene megafauna. The contact between Strata 2 and 3 is
horizontal, and is sharply demarcated by the contrast between the rela-
tively dark brown upper portion of Stratum 2 and the relatively light
colored sands of Stratum 3. Stratum 3 consists of loose white sands,
muck, and peat, banded with decayed plant material. Bones from this
layer are extremely abundant, stained very dark brown, and are barely
permineralized. In his excavations, Weigel found no remains of extinct
vertebrates in Stratum 3, except at his Locality 1, which corresponds
with the area where much of the early fossil material was collected by
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Weills and Ayers. According to Weigel, the beds appeared to be dis-
turbed at Locality 1. A small creek flowed through this locality, appar-
ently cutting through Strata 2 and 3 and mixing fossils from these beds
with more recent artifacts and human bone. In six other stratigraphic
sections at Vero, Weigel found no extinct vertebrates in Stratum 3 and
no evidence of stream channel fills or other reworked deposits.

Owing to the presence of human remains at Vero, the age of the
various strata there has raised much controversy. Weigel (1962:8-9) gave
five radiocarbon dates for Stratum 2, ranging in age from 3,550 years
before present (ybp) to greater than 30,000 ybp. Based on a radiocarbon
date from the top of Stratum 2, Weigel (1962) hypothesized that now
extinct vertebrates may have persisted in Florida until 3,500 years ago.
In retrospect, it appears clear that this date is erroneous, as recent stud-
ies based on extensive series of radiocarbon dates (Meltzer and Mead
1983) suggest that no members of the extinct Pleistocene megafauna
survived in North America beyond 10,000 ybp. Although no radiocar-
bon dates are available from Stratum 3, the absence of extinct Pleisto-
cene megafauna and the predominance of species found in the imme-
diate vicinity at the present time, indicate that this part of the fauna is
Holocene in age. Holocene faunas are uncommon in Florida, or at least
they have rarely been recognized and studied. The late Pleistocene and
early Holocene Devil’s Den fauna (Martin and Webb 1974), and the
Nichol’s Hammock fauna (Hirschfeld 1968) of unknown but probably
late Holocene age, are the best known. In this paper, vertebrate fossils
from Stratum 2 are regarded as late Wisconsinan (late Pleistocene,
Rancholabrean), while fossils from Stratum 3, in particular the ex-
tremely rich microvertebrate sample from Weigel’s Site 3a, are consi-
dered Holocene. Only four bat fossils were recovered from Stratum 2 in
Weigel’s excavations, the mandible he referred to Eptesicus sp. and
three specimens of Nycticeius humeralis. All six species identified from
Vero are present in Stratum 3, where the great majority of the bat
remains occur.

METHODS AND MATERIALS

Skulls and postcranial skeletons of all 11 species of Recent bats
native to Florida were available for comparison with the fossil material
from Vero. Where possible, specimens from localities in southern Flor-
ida were used for comparisons. Only one maxillary fragment is present
among the Vero chiropteran fossils, while mandibles are slightly more
common. The most important mandibular characters used in differen-
tiating the various species were overall size, number and form of the
premolars, morphology of the molars, length of the ramus, shape of the
coronoid process, and development of the masseteric fossa. Very few
previous studies of bats from Florida Pleistocene localities have included
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postcranial material, even though limb elements are often quite abund-
ant in sites where bat fossils occur. In fact, two of the bat species identi-
fied from Vero are based only on postcranial material. The classic study
of Miller (1907) used characters of the humerus, in addition to more
conventional cranial and dental characters, to diagnose many of the
higher taxonomic groups of bats. In her work on the fossil bats from
the Miocene Thomas Farm Site in northern Florida, Lawrence (1943)
discussed the taxonomic importance of the humerus in bats, demon-
strating that almost all Recent genera of North American vespertilionids
could be distinguished using characters of the proximal and distal ends
of the humerus. The radius, especially the proximal end, is useful in
distinguishing between certain groups of bats, although it lacks the large
number of diagnostic characters found in the humerus. Terminology for
various structures on the humerus and proximal end of the radius fol-
lows Vaughan (1959) and Smith (1972). Miller (1907) and Lawrence
(1943) used the terms trochiter and trochin for the greater and lesser
tuberosity of the humerus, respectively. However, since these structures
are homologous with the greater and lesser tuberosity of other mam-
mals, the latter terms will be used in this paper. Dental terminology is
standard for mammals (Szalay 1969). Site names followed by Roman
numerals refer to fossil sites listed in the Florida State Museum verte-
brate paleontology locality files. Cranial and dental measurements were
taken with a Gaertner measuring microscope accurate to 0.01 mm.
Postcranial measurements were taken with dial calipers accurate to 0.10
mm.

All recent comparative material is from the Mammal Collection of
the Florida State Museum, University of Florida (UF). The Vero fossils
are from the Florida Geological Survey Collection, formerly housed in
Tallahassee and now merged with the Florida State Museum Fossil Ver-
tebrate Collection in Gainesville (UF/FGS, catalogue number preceded
by V).

SYSTEMATIC PALEONTOLOGY
Order Chiroptera Blumenbach
Family Vespertilionidae Gray

Eptesicus fuscus (Palisot de Beauvois, 1796)

Referred material. —Stratum 2-V7200, partial left mandible with
m;; Stratum unknown-V7201, complete edentulous left mandible.

Recent distribution.— Eptesicus fuscus is one of the most wide-
spread bats in the New World. It occurs throughout the United States,
southern Canada, Greater Antilles, Bahamas, Middle America, and
northern South America. In Florida, the big brown bat has been
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recorded as far south as Englewood in southern Sarasota County on
the west coast and from southern Highlands County in the central por-
tion of the peninsula.

Fossil record.—Vero is the only Pleistocene fauna in Florida from
which Eptesicus fuscus has been reported (listed as Eptesicus sp. by
Webb 1974 and Weigel 1962). I have recently identified E. fuscus in two
additional late Pleistocene (Rancholabrean) faunas from Florida: Arre-
dondo IIA, Alachua County, and Monkey Jungle Hammock, Dade
County. Eptesicus fuscus is the most widespread Pleistocene bat in
North America, having been reported from more than 25 Ranchola-
brean faunas, ranging from Pennsylvania and Florida in the east to
Wyoming and New Mexico in the west, and as far south as Nuevo
Leon, Mexico (Martin 1972). This species has also been reported from a
number of late Pleistocene and Holocene cave deposits in the West
Indies.

Description and comparisons.—Based on their large size, the two
mandibles here referred to Eptesicus fuscus can be distinguished from
all other Florida bats except Eumops and Lasiurus intermedius. The
mandible of Eumops differs in its larger size, reduced coronoid process,
and shallow masseteric fossa. Lasiurus intermedius can be separated
from the fossils by its shorter, more robust mandibular ramus, vertical
mandibular symphysis, smaller triangular coronoid process, shallower
masseteric fossa lacking a strong anterior ridge, and the more reduced
m;z. The two mandibles are readily identified as E. fuscus by the long
and relatively slender mandibular ramus, high rounded coronoid pro-
cess, and deep masseteric fossa with a strong anterior ridge. Measure-
ments of the two fossil mandibles compare closely with measurements
of recent E. fuscus from Florida (Table 1).

Discussion.— Although single specimens of Eptesicus fuscus have
been collected from a number of localities in the northern two-thirds of
Florida, it is considered rare in the state. Likewise, E. fuscus is uncom-
mon as a fossil in Florida, having been recorded from only three late
Pleistocene sites based on a small handful of specimens. Most recent
individuals of E. fuscus from Florida have been found in buildings, in
association with colonies of Tadarida brasiliensis. According to Jen-
nings (1958), the absence of E. fuscus from Florida caves is due to the
high humidity and damp walls characteristic of these caves. Eptesicus
Sfuscus also roosts in hollow trees and rock crevices, the former probably
serving as the preferred roosting site in Florida before the appearance of
man-made structures. A minimum of two individuals of E. fuscus is
represented in the Vero deposit based on the presence of two left man-
dibles. The mandible from Stratum 2 represents one of the few late Pleis-
tocene bat fossils from Vero and was the basis for Weigel’s (1962:32)
identification of Eptesicus sp. from the site.
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Lasiurus intermedius H. Allen, 1862

Referred material. —Stratum 3-V7202, proximal two-thirds of left
humerus; V7203, proximal end of right radius.

Recent distribution.— Lasiurus intermedius occurs primarily in the
southeastern United States, from South Carolina to Texas, and into
lowland tropical Middle America as far south as Honduras. The yellow
bat is found throughout Florida, with records from as far south as Lee
County on the west coast and Palm Beach, Broward, and Dade counties
on the Atlantic coast (Layne 1974).

Fossil record.— Lasiurus intermedius is known as a fossil only from
Florida. Webb (1974) recorded this species from three late Pleistocene
sites in the state: Haile XIB, Alachua County; Devil’s Den, Levy
County; and Reddick IA, Marion County. Martin (1972) also identified
L. intermedius from Arredondo IIA. I have recently identified a mandi-
ble of this species from the Glyptodont Site in Pinellas County.

Description and comparisons.—Based on its large size, the humer-
us referred to Lasiurus intermedius can readily be distinguished from
all other Florida bats except Fumops and Eptesicus. The proximal end
of the humerus differs from that of Eptesicus by the elliptical humeral
head oriented at a 45° angle to the shaft, the more prominent greater
tuberosity, and the smaller lesser turberosity. It is also readily separable
from the humerus of Eumops by its smaller size, almost perfectly ellipti-
cal head, relatively longer and less expanded pectoral ridge, and lack of
a deep groove on the lateral surface of the greater tuberosity. The fossil
is identical in size and morphology to humeri of recent L. intermedius
from Florida (see measurements in Table 2). Although the other large
North American species of Lasiurus, L. cinereus, has been recorded
from Florida on several occasions, it occurs there only as a rare
migrant. The humerus of L. cinereus is larger than the fossil from Vero,
with a broader proximal end and relatively thicker shaft.

As with the humerus, the proximal radius referred to Lasiurus
intermedius needs comparison only with Eumops and Eptesicus. 1t is
completely unlike the radius of Eptesicus, differing from that genus in
the more robust shaft, considerably shorter ridge extending distally
from the flexor fossa, lack of a deep groove in the articular surface for
the capitulum of the humerus, and the acutely triangular shape of the
proximalmost extension. The fossil radius can be distinguished from
Eumops by its smaller size, more laterally placed flexor fossa, more
slender shaft, relatively smaller articular surface that is rounded in out-
line rather than distinctly triangular, and lack of a deep central groove
on the articular surface. Although essentially identical to the radius of
Lasiurus cinereus, the fossil is somewhat smaller, as is the radius of L.
intermedius.
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Discussion.— Lasiurus intermedius roosts almost exclusively in trees
and appears to be closely associated with Spanish moss (Barbour and
Davis 1969). Although the yellow bat is known from more fossil sites
(six) in Florida than any other bat species except Myotis austroriparius,
it is uncommon in the sites where it occurs, generally being represented
by only one or two specimens. The rarity of L. intermedius remains in
fossil sites is not difficult to explain, because the majority of fossil chi-
ropteran faunas in Florida are derived from deposits formed in caves,
fissures, or sinkholes. Yellow bats are not known to enter caves, so
apparently their presence in cave fossil deposits results from being
brought into caves by predators, most likely the Barn Owl, Tyto alba.
According to Jennings (1958), L. intermedius commonly feeds over
water, thus providing a possible explanation for the presence of the spe-
cies at Vero, based on Weigel’s (1962) interpretation of the site as a
pond or marsh. The two elements of L. intermedius identified from Stra-
tum 3 represent one individual.

Lasiurus cf. seminolus (Rhoads, 1895)

Referred material.—Stratum 3-V7204, nearly complete right humer-
us; V7205-7206, proximal ends of right humeri; V7207, distal end of
left humerus.

Recent distribution.— Lasiurus seminolus occurs primarily in the
southeastern United States from North Carolina to Texas. The Seminole
bat is found throughout most of Florida, as far south as Lee County on
the Gulf Coast and Broward and Dade counties on the east coast.

Fossil record.—This is the first fossil record of Lasiurus seminolus,
assuming the identification is correct. In general, the small species of
Lasiurus have a poor fossil record. Lasiurus borealis has been reported
from only five fossil sites: Reddick 1A, Florida (although this could just
as easily represent L. seminolus); Bat Cave, Missouri; Natural Chimneys
and Clark’s Cave, Virginia; and Organ-Hedricks Cave, West Virginia
(Kurtén and Anderson 1980).

Description and comparisons.—The proximal humeri referred to
Lasiurus cf. seminolus are readily distinguished from all Florida vesper-
tilionids, except Lasiurus, by the elliptical humeral head oriented at a
45° angle to the shaft. They can be separated from the proximal humer-
us of Tadarida brasiliensis, the only similar-sized molossid in Florida,
by the relatively smaller humeral head, reduced greater and lesser tu-
berosities, and less expanded pectoral and medial ridges. The single distal
humerus agrees with Lasiurus and differs from all other Florida bats in
the presence of a deeply excavated olecranon fossa. In addition, the
fossil and Lasiurus can be separated from other Florida vespertilionids
by the prominent distal spinous process. Unlike Tadarida and most
other molossids in which the spinous process is free, the spinous process
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Table 2. Comparison of measurements (in mm) of the humerus of fossil bats
from Vero with Recent Florida bats.'

= ey
3 .t Z
= 2
5 L 2 s
5 g g S s g
2 E c =3 9
— o & = o 8
S ° L= h=l==!
2 . =l 252
Lasiurus intermedius
Recent 4.1 x0.1 1.6 £ 0.1
13 11
(3.9-4.3) (1.4-1.8)
Fossil
V7202 4.1 1.7
Lasiurus cinereus
Recent 4.7 1.8
3 1
(4.6-4.8)
Lasiurus seminolus
Recent 268+1.4 32%£02 14x01 24x0.1
10 16 16 10
(24.4-28.9) (2.9-3.5) (1.2-1.6) (2.3-2.6)
Lasiurus cf. seminolus
Fossil
V7204 24.7 1.2
V7205 3.1 1.4
V7206 3.0
V7207 2.3
Lasiurus borealis
Recent 269+0.9 33+%0.1 1.4%0.1 24x0.1
6 13 10 6
(25.8-28.5) (3.1-3.4) (1.2-1.5) (2.3-2.4)
Nycticeius humeralis
Recent 209%£0.9 29=x0.1 1.1x£0.1 2.1x0.1
5 18 17 4
(19.8-22.2) (2.8-3.1) (1.1-1.3) (1.9-2.2)
Fossil 20.9 3.0%0.1 1.2£0.1 230
2 7 8 4
(20.3-21.5) (2.8-3.2) (1.1-1.3) 253

! Mean, standard deviation, sample size, and observed range (in parentheses),
respectively, are given for Recent specimens and fossils of Nycticeius humeralis.

in Lasiurus is attached to the distal articular surface for most of its

length.

The humeri referred to L. cf. seminolus are much smaller than the
corresponding element in L. intermedius and L. cinereus. There are two
smaller species of Lasiurus known from Florida, L. seminolus and L.
borealis, that have humeri within the size range of the fossils. The
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humeri of these two species are broadly overlapping in size (see mea-
surements, Table 2). Examination of a series of humeri of Recent L.
borealis and L. seminolus from Alachua County, Florida revealed no
reliable morphological characters that would distinguish them. These
species are also very similar in external and cranial morphology. They
can, however, be separated by pelage color and the presence of a lach-
rymal ridge in L. borealis. Unfortunately, fossils cannot be definitely
assigned to one species or the other without a skull.

Lasiurus borealis occurs primarily in the northern half of the Flor-
ida peninsula, having been recorded as far south as Hardee County,
although it is not common south of Pasco County. Lasiurus seminolus
occurs sympatrically with L. borealis throughout most of north Florida;
however, the Seminole bat is more widely distributed in the southern
half of the peninsula and is the only small Lasiurus presently found on
the east coast of Florida as far south as Indian River County. Because
the mammalian fauna from Stratum 3 at Vero closely approximates the
Recent fauna of that vicinity, these fossils are tentatively referred to L.
seminolus.

Discussion.—Like L. intermedius, L. seminolus roosts primarily in
clumps of Spanish moss hanging from trees. Although L. borealis is not
necessarily associated with Spanish moss, it too roosts almost exclu-
sively in trees. The tree-roosting habits of these two small species
undoubtedly account for their rarity in the fossil record. The occurrence
of L. borealis or L. seminolus in the Reddick site is probably a result of
Barn Owl predation, while the presence of L. seminolus at Vero is most
likely related to their preference for feeding near water. Although only
four fossils referable to L. seminolus were identified from Vero, three of
these were proximal ends of right humeri representing a minimum of
three individuals.

The proximal half of a right humerus (V7205), identified as Myotis
sp. by Weigel (1962:32) and later referred to M. austroriparius by Webb
(1974:14), is actually referable to Lasiurus cf. seminolus. The fossil
differs from Myotis and agrees with the smaller species of Lasiurus in its
larger size, elliptical humeral head oriented at a 45° angle to the shaft,
and the reduced lesser tuberosity. The left humerus (V7204) referred to
Lasiurus sp. by Weigel (1962:32) and later to L. borealis by Webb
(1974:14) is a right humerus instead. I could not locate the left femur
from Stratum 3 identified as Lasiurus sp. by Weigel.

Nycticeius humeralis (Rafinesque, 1818)
Referred material. —Stratum 2-V7228, nearly complete right
mandible with my-ms; V7211, nearly complete right humerus; Stratum 3-
V7229, partial edentulous right mandible; V7209, complete right humer-
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us; V7212, distal end of right humerus; V1603, complete left humerus;
V7213-7216, V7231, proximal portions of left humeri; V7230, distal end
of left humerus, V7217, one right and one left femur; Stratum
unknown-V7208, nearly complete edentulous right mandible; V7210,
complete right humerus; V7232, nearly complete left humerus; V7233,
distal end of left humerus.

Recent distribution.— Nycticeius humeralis occurs throughout the
eastern United States and along the Gulf Coast as far south as the state
of Veracruz, Mexico. It is found throughout Florida and is one of the
most common bats of south Florida (Jennings 1958), specimens having
been taken as far south as Collier and Dade counties.

Fossil record.—The specimens of N. humeralis from Vero represent
the first fossil record of the evening bat from Florida. The two speci-
mens from Stratum 2 constitute the second record of N. humeralis from
the Pleistocene of North America, the other occurrence being in Baker
Bluff Cave in northeastern Tennessee (Guilday et al. 1978).

Description and comparisons,—The three mandibles referred to N.
humeralis can be readily distinguished from Myotis and Plecotus by the
presence of only two premolars, from Pipistrellus by their larger size,
and from Eptesicus, Eumops, and Lasiurus intermedius by their consid-
erably smaller size. The mandibles are generally similar in size to the
two smaller species of Lasiurus, but they differ from them in possessing
a longer, more slender mandibular ramus and a larger coronoid process,
and in lacking a deep cleft between the paraconid and metaconid on all
molars. The fossils can be differentiated from Tadarida brasiliensis by
smaller size, presence of a single-rooted rather than a double-rooted Ps,
strong rounded coronoid process, deep masseteric fossa, small entoco-
nids on molars, and relatively large incisors (the incisors are small and
compressed in Tadarida). The characters of these three mandibles,
including size, length and depth of ramus, shape of coronoid process
and masseteric fossa, and morphology of the dentition, agree closely
with specimens of N. humeralis (see measurements in Table 1).

Twelve humeri from Vero are referable to Nycticeius humeralis.
They can be separated readily from Eptesicus and Fumops by their
smaller size, and from Tadarida and all species of Lasiurus by the
hemispherical humeral head and reduced distal spinous process. Based
on a number of characters, the humeri can easily be narrowed down to
Mpyotis, Pipistrellus, and Nycticeius. The most reliable character on the
proximal end of the humerus for separating the fossils from Myotis and
Pipistrellus is the more prominent medial ridge extending ventrally from
the lesser tuberosity and producing a larger fossa or concavity for the
origin of the lateral head of the triceps muscle. In a posterior view of the
proximal end, that portion of the humerus medial to the pectoral ridge
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is wider in Nycticeius as a result of the better developed medial ridge.
The distal half of the posterior surface of the humeral shaft is distinctly
flattened in Nycticeius and the fossils, but is round in cross-section in
the other two species. On the distal end of the humerus, the lateral edge
of the articular surface (lateral epicondyle of the capitulum) extends
lateral to the edge of the shaft in Myotis and Pipistrellus, but is in line
with the shaft in the fossils and Nycticeius. Nycticeius and the fossils
possess a prominent notch immediately proximal to the lateral edge of
the capitulum that extends around the lateral edge almost to the ante-
rior surface of the humeral shaft. This notch is not as well developed in
the other two species. Finally, in Nycticeius there is a well developed,
rounded tubercule on the lateral edge of the shaft just proximal to the
notch, which is absent in P. subflavus and M. austroriparius. The region
medial to the medial epicondyle (trochlea) is relatively large in Myotis,
somewhat smaller in Pipistrellus, and very reduced in the fossils and
Nycticeius. Therefore, although the humeri in these three species are
superficially very similar, a number of characters can be used to separ-
ate them, and the fossils are clearly referable to N. humeralis (see mea-
surements on humeri in Table 2).

Discussion.— Nycticeius humeralis is the most abundant fossil bat
in the Vero site, with 17 identifiable elements representing a minimum
of seven individuals. Evening bats roost primarily in buildings, hollow
trees, and under the loose bark of trees. They seem to show a preference
for cypress trees and are the common bat in Florida near cypress stands
(Jennings 1958). Like the species of Lasiurus, N. humeralis is not known
to enter caves, thus explaining the absence of this species from other
Pleistocene sites in Florida that have produced bat fossils. Apparently,
N. humeralis is not as subject to raptor predation as is Lasiurus, since
species of the latter genus do on occasion appear in cave fossil deposits.
Identification of fossil cypress, Taxodium distichum, from Stratum 3
(Berry 1917) supports Weigel’s statement (1962:42) that there was a
cypress pond in the vicinity of the Vero site. The presence of cypress
trees and the preference of Nycticeius humeralis for roosting in cypress
offer an explanation for the abundance of evening bat fossils at Vero.

Family Molossidae Gill
Tadarida brasiliensis (1. Geoffroy St. -Hilaire, 1824)

Referred material.—Stratum 3-V7219, proximal end of left humer-
us; Stratum unknown-V7218, nearly complete left mandible with m,-m;.
Recent distribution.— Tadarida brasiliensis is found primarily in
the southern and western United States and then southward through
Middle America, the West Indies, and much of South America. Brazil-
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ian free-tailed bats occur throughout Florida, and according to Layne
(1974) the species is the most successful bat in southern Florida, where
it has been recorded as far south as Dade and Collier counties.

Fossil record.— Tadarida brasiliensis is known from three other
fossil sites in eastern North America, two in Florida (Reddick IA and
Nichol’s Hammock) and the other in Mammoth Cave, Kentucky (out-
side the present range of the species). There are numerous Pleistocene
records of T. brasiliensis from the southwestern United States and the
West Indies.

Description and comparisons.—The mandible referred to 7. brasil-
iensis is distinguishable from Eumops by its considerably smaller size
and from Pipistrellus by its considerably larger size. The fossil differs
from Lasiurus, Eptesicus, Nycticeius, Myotis, and Plecotus in the
reduced coronoid process, shallow masseteric fossa, small compressed
incisors, double-rooted p;, and larger m; relative to m,. Myotis and
Plecotus both have the same number of premolar alveoli as Tadarida,
but they possess single-rooted p, and ps, while Tadarida lacks p, and
has a double-rooted p;. Based on the above combination of characters,
the fossil mandible is readily identified as T. brasiliensis (see measure-
ments, Table 1).

Although poorly preserved and lacking the lesser tuberosity, the
proximal humerus here referred to T. brasiliensis is identifiable. Based
on its small size and elliptical humeral head, the humerus can be distin-
guished from that of all Florida bats except the two small species of
Lasiurus and Tadarida. The humerus is identified as 7. brasiliensis by
its broader and shorter pectoral ridge and greater distal extension of the
medial ridge.

Discussion.—Only two fossils of T. brasiliensis, probably represent-
ing a single individual, have been identified from Vero. The Brazilian
free-tailed bat is rare as a fossil in Florida, having been recorded from
only three sites based on less than ten specimens. At the present time, T.
brasiliensis in Florida roosts almost exclusively in man-made structures,
such as in houses and under bridges (Jennings 1958). Although it has
been observed in small numbers in several caves in Marion County,
Florida (R. Franz, pers. comm.), these probably do not represent roost-
ing colonies. In marked contrast to the southwest, where T. brasiliensis
inhabits caves in colonies sometimes numbering into the millions, it is
not known to roost in caves in the southeastern United States. Appar-
ently, the warm humid atmosphere of Florida caves offers an unsuitable
environment for roosting colonies (Jennings 1958). Tadarida brasiliensis
in Florida has also been observed roosting under the dead fronds of
palm trees in Lee and Charlotte counties in southwestern Florida, and
in hollow mangrove trees in the Tampa Bay area (Jennings 1958). Palm
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trees provide the natural roosting site for many species of Neotropical
molossids, and it seems reasonable to hypothesize a similar roosting
ecology for T. brasiliensis in Florida prior to the extensive censtruction
of buildings. The probable tree-roosting habits of T. brasiliensis, coupled
with their extremely rapid flight, would limit predation and help to
explain their absence from most Florida fossil sites.

Eumops glaucinus floridanus (G. M. Allen, 1932)

Referred material.—Stratum 3-V7222, partial edentulous left man-
dible; V7224, proximal end of right radius; V7226, proximal end of left
radius; V7227, one proximal and one distal end of femur; Stratum
unknown-V7220, right maxilla with P4-M3; V7221, left mandible with
ps-ms; V7223, proximal end of right humerus; V7225, proximal half of
left radius.

Recent distribution.— Eumops glaucinus has the most restricted
distribution of any bat in the United States, being known only from
Charlotte and Dade counties in southernmost Florida. Wagner’s mastiff
bat also occurs in tropical America from southern Mexico south
through Middle America, much of South America, and Cuba and
Jamaica in the Greater Antilles. The species has a disjunct distribution,
as it is not known to occur between southern Florida and southern
Mexico.

Fossil record.—The fossil record of E. glaucinus is restricted to
Florida, where it is known from Vero, Monkey Jungle Hammock (Mar-
tin 1977), and the late Pleistocene Melbourne fauna, Brevard County
(Allen 1932; Ray et al. 1963). The fossil records from Brevard County
and Indian River County (this paper) extend the known range of the
species in Florida some 200 km north.

Descriptions and comparisons.—The cranial and postcranial ele-
ments here referred to E. glaucinus are from a very large bat, and thus
need only be compared with the three largest species found in Florida—
E. glaucinus, Eptesicus fuscus, and Lasiurus intermedius. A maxilla and
partial rostrum agree with E. glaucinus and differ from E. fuscus and
L. intermedius as follows: presence of a tiny peg-like P’, stronger hypo-
cone on M' and M?, lack of a deeply incised nasal notch, vertical slit-
like infraorbital foramen, and vertical orientation of rostrum dorsal to
orbit, reflecting deep, laterally compressed snout (rostrum is dorsoven-
trally flattened in the two large vespertilionids). The mandible with ps-
ms, can be differentiated from E. fuscus and L. intermedius as follows:
presence of only two tiny incisors that are crowded between the canine
and mandibular symphysis, double-rooted ps, ps and ps subequal in size,
and the posterior margins of trigonid and talonid on molars not at right
angles to long axis of tooth row.
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The proximal humerus referred to E. glaucinus can be readily dis-
tinguished from all other Florida bats by its very large size, teardrop-
shaped humeral head oriented at a 45° angle to the shaft, short
expanded pectoral ridge, and proximal extension of the greater tuberos-
ity. The three radii are identified as E. glaucinus by the large, deep
flexor fossa on the anterior surface just distal to the proximal articula-
tion, the acutely triangular proximal end, and the strongly concave
articular surface with a deep central groove for reception of the medial
portion of the capitulum on the distal end of the humerus. The proximal
and distal femur can be separated from all Florida vespertilionids by the
small femoral head relative to the greater and lesser trochanters, rela-
tively broader distal end, and more widely separated articular condyles.
Among Florida bats, only Tadarida brasiliensis has femora with a sim-
ilar morphology, but their small size eliminates them immediately.

Discussion.—Even though Eumops glaucinus is the second most
abundant bat at Vero based on the total number of elements present
(nine), a minimum of only two individuals is represented. The presence
of Eumops glaucinus at Vero is of particular interest since this site is
over 100 km north of the northernmost locality from which recent indi-
viduals of this species have been collected. A single fossil mandible of E.
glaucinus is known from the Melbourne Site, located approximately S0
km north of Vero (Allen 1932; Ray et al. 1963). Until recently, living
specimens of E. glaucinus floridanus had been collected only from man-
made structures in the Miami area of Dade County in extreme
southeastern Florida. Belwood (1981) discovered a small colony of E. glau-
cinus roosting in a hollow long-leaf pine, Pinus palustris, near Punta
Gorda in Charlotte County on the southwest coast of Florida. Hollow
trees appear to be the preferred natural roosting site of this species
(Belwood 1981). The discovery of E. glaucinus in Charlotte County
extends the modern range of the species in Florida 200 km westward
and 100 km northward of Miami. With the addition of the three fossil
records from Florida discussed above, the species is now known from
three different localities in south Florida and two localities from the

central portion of the state (Fig. 1). 1
Martin (1977) suggested that the presence of Eumops glaucinus in

central Florida during the late Pleistocene represented a northward shift
in winter isotherms indicative of tropical or subtropical conditions.
Belwood’s recent discovery of E. glaucinus in a part of Florida and in
an ecological situation from which the species was previously unknown
suggests that our knowledge of this bat is far from adequate. If Eumops
did extend its range northward in response to warmer climates, why is it
known in central Florida only from a late Wisconsinan site (Melbourne)
in which climatic conditions were presumably drier and cooler than at
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present, and a Holocene site (Vero) in which the climatic conditions
were essentially similar to those at present? It would seem more likely
that Eumops would have been found in one of the Sangamonian inter-
glacial sites (Reddick, Haile, Arredondo, etc.), at a time during which
climates were probably somewhat more tropical than they presently are.

As noted by Eger (1977) and Koopman (1971), the endemic Florida
subspecies, Eumops glaucinus floridanus, is the most distinct form of
the species. The Florida animal is characterized by its larger size, a fea-
ture also seen in the fossil representative of the species from Florida (see
measurements in Table 3). According to Eger (1977), all Neotropical
representatives of E. glaucinus, including those from the West Indies,
are referable to the nominal subspecies, while only the Florida popula-
tion is recognizable as a distinct subspecies. Baker and Genoways (1978)
suggested the possibility that E. glaucinus invaded Florida from Cuba, a
distance of only 200 km. However, the strong mainland Neotropical
component of Florida’s Pleistocene fauna, and the total lack of any
other West Indian bats in the state, suggest strongly that the present
distribution of E. glaucinus resulted from a warmer interglacial period
when the Neotropical fauna was continuous around the Gulf Coast.
Two other bats found in Florida during the late Pleistocene, Desmodus
stocki and Mormoops megalophylla, also reflect this mainland Neotrop-
ical influence.

DISCUSSION

The fossil bat fauna from Vero is significant for several reasons.
First, more species of bats (six) are represented at Vero than in any
other fossil vertebrate fauna yet described from Florida. The two most
diverse fossil chiropteran faunas from Florida listed by Webb (1974:14)
were Reddick 1A, Marion County, with five species— Desmodus stocki,
Mpyotis austroriparius, Lasiurus borealis, L. intermedius, and Tadarida
brasiliensis—and Devil’s Den, Levy County, with four species—M. aus-
troriparius, M. grisescens, Pipistrellus subflavus, and L. intermedius.
Second, among the ten or so Pleistocene and Holocene vertebrate fau-
nas in Florida that contain abundant bat fossils, only the Vero deposit
represents a depositional environment other than a cave, fissure, or
sinkhole. The fossil deposits at Reddick consist of unconsolidated sedi-
ments filling caverns and solution pipes in the surrounding Eocene
limestones. A cave-dwelling species, Myotis austroriparius, accounts for
the great majority of bat remains at Reddick. The Devil’s Den site is a
water-filled sinkhole and cave system, presumably inhabited by the bats
during a period of lower sea level and water tables in the late Wisconsi-
nan and early Holocene. Cavernicolous bats also predominate at Devil’s
Den. In fact, all of the major North American Pleistocene sites listed by
Kurtén and Anderson (1980) that contain large bat faunas were depos-
ited in caves and are dominated by cave-inhabiting species.
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Fig. 1. Pleistocene and Recent occurrences of Eumops glaucinus floridanus in Florida.
Asterisks (*) indicate Recent records, daggers () and name of fauna indicate Pleistocene
records.

Based on studies of the sediments, fossil plants, and fossil verte-
brates, Weigel (1962) concluded that the fossil deposits at Vero repre-
sented a pond or marsh habitat. Berry (1917) studied the fossil plants
from Stratum 3 at Vero. Among the more informative plants he identi-
fied were cypress, Taxodium distichum, and three species of obligate
pond inhabitants: water lettuce, Pistia; pond apple, Anona glabra; and
water shield, Brasenia purpurea. A number of the other fossil plants
from Vero also have aquatic tendencies. According to Weigel (1962),
almost 50% of the vertebrates from Strata 2 and 3 are forms associated
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with aquatic habitats, including such obligate freshwater species as gar,
Lepisosteus; bowfin, Amia; Siren and Amphiuma; two species of ranid
frogs; Alligator; two species of water snake, Nerodia; four species of
kinosternid mud turtles; a number of species of ducks, rails, herons, and
egrets; and the round-tailed muskrat, Neofiber alleni. The large compo-
nent of aquatic vertebrates supports the sedimentological and paleobo-
tanical evidence that the deposits were formed in a shallow freshwater
pond or marsh. Based on the presence of a number of strictly terrestrial
forms in the fauna, several other habitats were certainly present in the

immediate vicinity, including mesic hammock and pine flatwoods.
The presence of a diverse bat fauna at Vero is somewhat difficult to

explain in the context of the freshwater pond or marsh habitat sug-
gested by Weigel (1962). In Weigel’s scenario of Vero (1962:49), “Bats
flew over the pond and marsh in search of insects. . . .” It is true that bats
commonly fly over open water, both in search of insects and to drink,
but bats are usually absent or extremely rare in fossil deposits sampling
such habitats. A large number of Pleistocene sites in peninsular Florida
were deposited in marshes, swamps, or fluvial environments, several of
which have abundant microvertebrate samples. Yet, except for Vero,
only two specimens of fossil bats are known from Florida sites sam-
pling such habitats—the type specimen of Molossides floridanus
(=Eumops glaucinus floridanus) from Melbourne, and a mandible of
Lasiurus intermedius from the Glyptodont Site, Catalina Gardens,
Pinellas County.

The roosting ecology of the bats recorded from Vero provides some
insight into the problem, as all six species are known to roost in trees.
None of the bats from Vero normally roost in caves in the southeastern
United States. In contrast, the two most abundant and widespread bats
found as fossils in northern Florida cave and fissure deposits are Myotis
austroriparius and Pipistrellus subflavus, both of which roost in caves at
certain times of the year. The absence of these two species from the
modern fauna of south Florida, except for accidental occurrences, is
almost certainly related to the absence of dry caves south of Citrus and
Marion counties.

Unlike any other Quaternary bat fauna known from Florida, Vero
offers a unique view of the late Pleistocene and Holocene bat fauna
associated with riparian habitats. Generally, tree-roosting bats and bats
associated with freshwater habitats are rare or totally absent from fossil
sites deposited in caves, fissures, or sinkholes in north Florida, as in the
case of Nycticeius humeralis and Eumops glaucinus. The exact mode of
deposition of the bat fossils at Vero is still a matter of speculation.
Perhaps the bat carcasses accumulated in hollow trees alongside the
pond or marsh and were eventually washed in when the trees fell. The
great abundance of other small mammals in the Vero deposit, especially
shrews and small rodents, suggests the possibility of a raptor roost in
the vicinity of the pond, most likely that of Tyro alba.
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Layne (1974) recorded seven bat species from Florida south of
Lake Okeechobee. Although Vero is slightly north of this area, it is
located in the southern half of the Florida peninsula. Among these
seven species, Myotis austroriparius and Pipistrellus subflavus almost
certainly do not breed in south Florida, and Layne considered their
occurrence in the region to be accidental. The remaining five species
comprise the native chiropteran fauna of south Florida: Lasiurus semi-
nolus, L. intermedius, Nycticeius humeralis, Tadarida brasiliensis, and
Eumops glaucinus—all of which are known from Vero. All six species
of bats from Vero, including Eptesicus fuscus, might be expected to
occur in that vicinity at the present time, with the possible exception of
Fumops glaucinus. Apparently, the chiropteran fauna of south Florida
had become established by the early Holocene and has remained essen-
tially unchanged to the present time.
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